 443.57, 148.16 and 221.21 Da. and relative intensity of 1.28, 50.11 and 7.05%, respectively. 
■ INTRODUCTION
Separation and purification processes on fermented beans (tempeh) protein isolate through microfiltration (MF) membrane are an important effort to obtain folic acid, a protein derivative consisted of heterocyclic pteridine, p-aminobenzoic acid (PABA) and glutamic acid [1] , which has an important role on brain smartness. Membrane-based separation and purification processes are selected since it refers to diameter size of the pores in the membrane and molecular size and shape of the particle. It can generally operate at room temperature, no need to add other chemical substances has lower consumption of energy related to the absence of change in phase or state of the solvent, and operates continuously [2] so that it will be suitable for folic acid keeping. MF membrane has pore sizes 0.1-10 µm and thickness in the range of 10-12 µm. Such MF membrane is able to separate dispersed particles (colloids, fat globules, cells) larger than 500.000 g/mol (particles size 0.1-10 μm) [3] . This property is possibility suitable and reasonable for tempeh suspension that has sensitive property on denaturation due to a particle size of proteins (amino acids) in the range of 0.008-0.1 μm [4] [5] . Separation of folic acid through Stirred Microfiltration Cell (SMFC) mode in laboratory scale (180 mL) is an effort to know the characteristic of tempeh protein isolate applied toward larger scale (module 9 L). SMFC is a separation mode using traditional and conventional way or centrifugation in which rotation speed has an important role [6] [7] . Applying pressure is started from zero (0) due to gravity force acting to supplying nitrogen gas as driving force of fluid through membrane layer in order to result in retentate (concentrate) and permeate (extract). In this dead-end SMFC mode, use of magnetic stirrer will aid separation process to prevent fouling on the membrane surface. In this dead-end SMFC mode, feed fluid flows perpendicular to membrane surface with components concentrations rejected into feed fluid becoming more and more increase so that permeate quality decreases on process time. Kinds of tempeh protein isolate affect possibility on separation process because of material characteristic, particularly protein, type and size of MF membrane, operation condition (flow rate, pressure, time) [5] . Recovery of protein isolate concentrate can be directly used as fortificant on the product of smart food, particularly folic acid-based food products.
The goal of this experiment work was to produce and to find out characteristic and composition of folic acid in retentates of soybean tempeh, mung bean tempeh and kidney bean tempeh as a result of purification of fermented beans using MF membrane (0.15 µm) fitted in SMFC under fixed operation condition (stirrer rotation speed 400 rpm, room temperature and pressure 40 Psi for 30 min).
■ EXPERIMENTAL SECTION

Materials
Main materials used in this experiment were distilled water, soybeans tempeh, mung beans tempeh, and kidney beans tempeh purchased in local market, inoculum mixture of Rhizopus sp. (P.T. AFI, Bandung), inoculum of Rhizopus oligosporus C 1 (Research Center for Chemistry -LIPI), perforated plastic sheets (local), 0.15 µm microfiltration (MF) membrane (Fluoropolymer, FSM-0.15-PP, Alfa Laval, Denmark), standard folic acid, hydrochloric acid, sodium nitrite, sulfamic acid, aminophenol, acetic acid, methanol, sodium azide (NaN 3 ) solution and chemical reagents for dissolved protein and N-amino determinations. All other chemical reagents were of analytical grade, and solutions were based on highly purified water (distilled water).
Instrumentation
Main equipments utilized in this experimental work were thermometer, pH meter, balance (Fujitsu, Japan), distilling unit (Gesellschaft fur Labortechnik GmbH/GFL, Type 2012, Germany), system of laminar flow chamber (local), incubator (local), series of fermentation system in laboratory scale (local), mixer, pulverizer or blender, sieve of 100 mesh (Retsch, Germany), stopwatch (Hanhart Profil 2, Germany), magnetic stirrer (HI 303 N, HANNA Instrument, Japan), pressure gauge of technical nitrogen (Fisher Scientific Company, England), cylindrical tank for technical nitrogen (Local), Dead-End Stirred Ultrafiltration Cell (SUFC) (MILLIPORE, Model 8200, U.S.A.), aluminium plate (local), Oven (Memmert, Germany), Desiccator (NORMAX), UV-Vis Spectro photometer (Model RF-550, Shimadzu, Japan), and LC-MS (Mariner Biospectrometry with LC (Hitachi L 6200) using C18 (RP 18) Supelco column.
Procedure
Experimental design
To initiate experimental activity, 1 (one) part of the soybeans tempeh was mixed with 1 (one) part of the distilled water (1:1, w/v), pulverized and filtered through a 100 µm sieve. The soybeans tempeh filtrate obtained was then microfiltered using 0.15 µm membrane fitted in SMFC under fixed process condition (stirrer rotation speed 400 rpm, room temperature and pressure 40 Psi for 30 min) until it produces soybeans tempeh retentate and permeates. Same procedures and all process condition were performed for mung beans tempeh filtrate and kidney beans tempeh filtrate. Analyses on original material (feed), tempeh retentate (concentrate) and permeate as a result of microfiltration on soybeans tempeh, mung beans tempeh and kidney beans tempeh filtrates through 0.15 µm membrane were performed on total solids (Gravimetric method), dissolved protein (Lowry method) [8] , N-amino (Copper method) [9] and folic acid (UV-vis spectrophotometry) [10] . Identification of folic acid was conducted by means of LC-MS (Mariner Biospectrometry) with LC (Hitachi L 6200) [11] .
All the purification processes were repeated at least two times, and all the analyses were also determined in duplicate. Data processor was done according to a descriptive method based on average results of analyses. All the experiments were repeated three times.
Fermentation process of beans (tempeh)
A number of soybeans were subsequently sorted to choose uniform and good beans, washed, blanched for 30-45 min, cooled to room temperature and soaked in water overnight at pH 5. At the end of this activity, soybeans were hulled, clean washed, allowed and inoculated by an inoculum of Rhizopus oligosporus C 1 (0.2%, w/w) at 30 °C for 72 h. While, cleaned kidney beans was incubated by inoculum mixture of Rhizopus (0.2%, w/w) at 30 °C for 72 h. Three (3) kinds of fermented beans were covered with a perforated plastic sheet to reduce the evaporation rate until it is produced tempeh with the uniform growth of Rhizopus inoculum [12] .
Processes of pulverizing and separation of tempeh protein isolate through SMFC
One part of tempeh from each kind of beans was mixed with 1 (one) part of the distilled water (1:1, w/v), pulverized, and filtered through a 100 µm sieve. The beans tempeh filtrate obtained was then diluted by adding 1 part of water until it is formed tempeh suspension. Tempeh suspension was further purified by passing it via 0.15 µm MF membrane equipped in dead-end SMFC mode. The commercial 0.15 µm MF membrane discs having a 0.15 µm of pore diameter size with the glossy skin side toward a solution was placed into the dead-end SMFC mode connected to a nitrogen gas cylinder. Prior to use, membranes were rinsed with RO water. A dead-end SMFC of 180 mL capacity and a membrane area of 30.175 cm 2 [13] . Each MF membrane was first compacted at 40 psi for 5 min. The solution of tempeh suspension was poured to the dead-end SMFC. Operation conditions were stirrer rotation speed 400 rpm, room temperature and trans-membrane pressure (TMP) 40 Psi for 30 min. Volumetric permeate flow rate was measured after each mL of permeate collected. Samples of permeate were collected and recorded for 30 min to determine the permeate flux through the membrane. Permeate and retentate (concentrate) were regularly sampled for analysis of their folic acid, total solids, N-amino and dissolved protein. After end use, the membrane was cleaned with RO water by filling the SMFC for 5 min. Sodium azide (NaN3) solution (1 mg/L) was added to prevent bacterial growth.
Analysis of folic acid
Analysis of folic acid was determined by using spectrophotometry according to the reaction between diazotization of p-amino benzoyl glutamic acid yielded after reduction of folic acid and 3-aminophenol until it forms a yellow-orange complex. About 1 mL of standard folic acid or sample was added with 1 mL of HCl (4 M), 1 mL of sodium nitrite (1%, w/v), 1 mL of sulfamic acid (1%, w/v) and 1 mL of 3-aminophenol (1%, w/v), and vortexed until yellow-orange complex was formed. Further, the complex compound sample was measured its absorbance by means of UV-vis spectrophotometer at wavelength 460 nm [10] .
Identification of glutamic acid as tempeh protein isolate through LC-MS
Beans tempeh extract samples (20 μL) was injected in Liquid Chromatography (LC) system integrated with Q-tof Mass Spectrometer (MS) via Electro Spray Ionisation (ESI) system. Scan mode was conducted in a range of m/z 100-1200 and 140 °C. LC (Hitachi L 6200) uses C18 (RP 18) Supelco column with a column length of 250 x 2 mm and particles size of 5 μm. Kinds of solvent were water containing 0.3% acetic acid (A) and methanol containing 0.3% acetic acid (B) at a ratio of 90 parts of methanol and 10 parts of water at flow rate of 1 mL/min [11] .
■ RESULTS AND DISCUSSION
Characteristic of Feed
Tempeh suspensions as a result of pulverizing on soybeans tempeh, mung beans tempeh and kidney beans tempeh (1:1, w/v) and filtration through 100 mesh sieve and diluting to 1:2 (w/v) were showed in Fig. 1a -c, respectively. Based on their compositions, soybeans tempeh suspension when compared to mung beans tempeh and kidney beans tempeh suspensions were summarized in Table 1 . The difference in these compositions is not only caused by kinds of beans, but also tempeh characteristics after the fermentation process. Soybeans tempeh had been fulfilled by miselia. While, mung beans tempeh and kidney beans tempeh had been fulfilled by miselia with the dense condition, but bean seeds on tempeh were still dominant [12] . The process of pulverizing on soybeans tempeh, mung beans tempeh and kidney beans tempeh (1:1, w/v) and filtration through 100 mesh sieve and diluting to 1:2 (w/v) affect possibility on the whole feed compositions.
Effect of Purification Process on Composition of Tempeh Isolate
Feed type of kidney beans tempeh extract as a result of pulverizing at a 1:2 ratio of kidney beans tempeh extract to water, type of retentate from protein isolate of soybeans tempeh, and type of permeate from protein isolate of soybeans tempeh as a result of purification of tempeh extract via 0.15 µm of MF membrane were shown Fig.  1a-c, respectively . While, recovery of folic acid, total solid, N-amino, and dissolved protein in the retentate and permeate as a result of purification of kidney bean 
Folic acid
The purification process of tempeh suspension through 0.15 μm MF membrane fitted in SMFC gave various separation of folic acid for each kind of tempeh. The particle size of folic acid predicted between 0.008-0.1 μm [4] or 0.001-0.1 μm [14] should pass more much folic acid in permeate. On the other hand, at a condition is occurred 'fouling', namely a phenomenon in which the membrane interacts or absorbs components in the feed fluid [3] , generating in a drop in membrane performance (declining of the flux and/or raise in rejection of components). This is usually an irreversible and time dependent phenomenon, which differs it from concentration polarization [5] . Fouling is caused by interaction among components, the interaction between component and membrane, and operation conditions, such as tempeh, pressure, stirrer rotation speed, temperature and time.
MF membrane retains folic acid of soybeans tempeh (362.07 µg/mL) and folic acid of kidney beans tempeh (506.07 µg/mL) higher than in permeate 197 and 242.93 µg/mL. A different trend was indicated for mung beans tempeh, in which folic acid in permeate passes more much (325.37 µg/mL) than in retentate (254.07 µg/mL) (Fig. 2a) . Based on recovery of folic acid, SMFC method was able to raise folic acid in retentates of soybeans tempeh of 59.67% (0.59 folds), mung beans tempeh of 1,104.58% (11 folds) and kidney beans tempeh of 142.67% (1.42 folds) when compared to folic acid in feeds of 606.74, 242.93 and 354.71 µg/mL, respectively. Whereas, based on membrane performance and process efficiency when compared to folic acid concentration in retentate and permeate, SMFC methods were able to separate folic acid of soybeans tempeh of 64.76% from retentate (559.07 µg/mL) and permeate (362.07 µg/mL), mung beans tempeh of 43.85% from retentate (579.44 µg/mL) and permeate (254.07 µg/mL), and kidney beans tempeh of 67.57% from retentate (749 µg/mL) and permeate (506.07 µg/mL), respectively. In both interpretations, optimization of folic acid in retentate was obtained by type of kidney beans tempeh. Recovery of folic acid in the retentate and permeate as a result of MF processes were not only caused by tempeh type, but also interaction between rotation force, temperature, pressure, and time.
Total solids
Purification and/or separation process of folic acid from fermented beans via 0.15 µm of MF membrane equipped in SMFC mode under fixed condition indicated the separation of total solids for each kind of tempeh. Total solid is the whole components (protein, carbohydrate, fat, mineral) accumulated and a material dissolved into water. The difference in total solids in the retentate and permeate is possibly caused by more much components in tempeh having a particle size larger than 0.15 µm so that they will be retained on the membrane surface. While components with size smaller 0.15 µm will pass as permeate. Besides, it is occurred fouling during purification process because of decreasing water mass, in which water mass passing through the membrane was predicted approximately 30% of feed fluid [3] . Total solids for each tempeh isolate are different material relating to kinds of tempeh. Particles with size larger 0.2 µm, such as fat (1-10 μm), protein (0.04-2 μm) and sugars (8-20 μm) were retained on the membrane surface, while flavor, aroma, taste-form compounds (smaller 0.04 μm), color pigment (0.1-10 μm), monosaccharides (lactose) (0.001 μm), and peptides (0.01-0.1 μm) passed freely as permeate [5] . Based on recovery of total solids, SMFC method was able to increase total solids in retentates of soybeans tempeh of 97.54% (0.97 folds), mung beans tempeh of 105.42% (1.05 folds) and kidney beans tempeh of 136% (1.36 folds) when compared to total solids in feeds of 5.7, 3.87 and 1.33%, respectively. Whereas, based on membrane performance and process efficiency when compared to retentate and permeate, SMFC method was able to separate total solids in retentate from soybeans tempeh of 80%, mung beans tempeh of 61.8% and kidney beans tempeh of 79%, respectively. Total solids in retentates from soybeans tempeh of 6.95%, mung beans tempeh of 6.66% and kidney beans tempeh of 2.3%, and total solids in permeates from soybeans tempeh of 5.56%, mung beans tempeh of 4.08% and kidney beans tempeh of 1.82%, respectively.
N-amino
Amino acids as N-amino is an important component from tempeh isolate because it is precursor compound to form savory taste, particularly L-glutamic. The purification process of tempeh extract through 0.15 µm MF membrane produced successfully separation of N-amino for each tempeh type. Particles size of amino acids ranging 0.01-0.1 μm [14] will pass freely in permeate as a result of purification process of tempeh extract through 0.15 µm MF membrane, however, particles of amino acids were possibility retained on the membrane surface due to fouling during the process [5] . Based on recovery of N-amino, SMFC mode was able to raise N-amino in retentates of soybeans tempeh (114.81% or 1.1 folds), mung beans tempeh (150 % or 1.5 folds) and kidney beans tempeh (133 % or 1.33 folds) when compared to N-amino for feeds of soybeans (3.78 %), mung beans (2.24%) and kidney beans (0.42 %). While, based on membrane performance and process efficiency when compared to N-amino in retentate and permeate, 0.15 µm MF membrane fitted in SMFC were able to separate N-amino in retentates of soybeans tempeh from 5.56 mg/mL to 4.34 mg/mL (78%), mung beans tempeh from 6.72 mg/mL to 3.36 mg/mL (50 %), and kidney beans tempeh from 0.84 mg/mL to 0.56 mg/mL (66.7%), respectively.
Dissolved protein
The purification process of tempeh extract through 0.15 µm MF membrane indicated successfully separation of dissolved protein, in which dissolved protein was retained more much in retentate when compared to pass it in permeate for the whole tempeh type. Dissolved protein is soluble peptides in water produced from the fermentation process of initial material involving natural enzymatic reactions, in which folic acid is possibility linked by PABA and pteridine. Dissolved peptides have a particle size ranging 0.01-0.1 µm [14] so that they enter much more in permeate, except occurrence fouling. Based on recovery of N-amino, 0.15 µm MF membrane fitted in SMFC method was able to raise dissolved protein in retentates of soybeans tempeh (101.28% or 1.1 folds), mung beans tempeh (45% or 0.45 folds), and kidney beans tempeh (94.73% or 0.95 folds), respectively when compared to dissolved protein in feeds of soybeans tempeh (0.78%), mung beans tempeh (0.34%), and kidney beans tempeh (0.76%), respectively. Whereas, based on membrane performance and process efficiency when compared to dissolved protein in retentate and permeate, 0.15 µm MF membrane fitted in SMFC method was able to separate dissolved protein in retentates of soybeans tempeh (1.1 mg/mL), mung beans tempeh (0.63 mg/mL), and kidney beans tempeh (1.12 mg/mL), respectively, and dissolved protein in permeates of soybeans tempeh (0.79 mg/mL), mung beans tempeh (0.34 mg/mL), and kidney beans tempeh (0.72 mg/mL), respectively.
From the whole purification processes on soybeans tempeh, mung beans tempeh and kidney beans tempeh extracts through 0.15 µm MF membrane equipped in SMFC method with stirrer rotation speed 400 rpm, room temperature and pressure 40 Psi for 30 min were technically suitable to separate and recovery folic acid in retentate for soybeans tempeh (64.76%), mung beans tempeh (43.85%), and kidney beans tempeh (67.57%), respectively. Total solids in retentate for soybeans tempeh (80%), mung beans tempeh (61.8%), and kidney beans tempeh (79%), respectively. N-amino in retentate for soybeans tempeh (78%), mung beans tempeh (50%), and kidney beans tempeh (66.7%), respectively. Dissolved protein in retentate for soybeans tempeh (71.8%), mung beans tempeh (54%), and kidney beans tempeh (64%), respectively. Based on MF membrane performance, MF optimization for the best purification 
Identification of Monomer of Protein Isolate In Kidney Beans Tempeh
Identification of standard folic acid is reached 1 peak (T3.1) with retention time 0-10 min and relative intensity 100%, as shown in Fig. 4a . Mass spectra m/z 69-1200 from T3.1 displayed compound domination with MW 267.29 Da. and relative intensity 100%, while other monomers predicted as folic acid degrades by LC-MS system, as shown in Table 2 Identification of standard glutamic acid is yielded 1 peak (T3.0) with retention time 0-10 min and relative intensity 100%, in which mass spectra m/z 111-784 from T 3.0 demonstrated compound domination with MW 148.14 Da. and relative intensity 100%, as shown in Fig.  4c and 4d. Its presence of glutamic acid was indicated by the assumption that glutamic acid was a part of folic acid. Through LC-MS instrument had been shown that a compound showed possibility a difference in MW, in which it probably are as M + , M + , Na + , 2M ++ or 2M + +Na + . This matter is caused by ionization because of sensitivities of LC-MS instrument relating with eluent used. Operation condition of LC-MS is injection volume of 2 μL, flow rate 0.05 mL/min with eluent mixture of methanol and water (contains 0.3% Acetic acid)) at ratio 80:20, using C-18 (15 mm x 1 mm) column [11] .
Identification of monomer of protein isolate in kidney beans tempeh showed that it is reached 1 peak, namely T4.2 with retention time 0-20 min with relative intensity 100%, as showed in Fig. 4e Table 3 and Fig. 4f . Folic acid concentration reached is very low (µg/mL), as identification through LC-MS. 
